Daphnia sense this danger through odor cues associated with predation. But what is the source of the armor-inducing odors? Although some animals respond to odors released by injured conspecifics, previous research has clearly established that such cues do not play a role here; instead, the prevailing belief has been that Daphnia are responding to odors released by the predators themselves. But Daphnia and sticklebacks can inhabit the same lakes, and clearly Daphnia do not arm themselves year-round. In a new paper, Ole Stabell and his colleagues show that the formation of anti-predator spines in Daphnia galeata is induced by the smell of predators that have been eating Daphnia. That is, crushed Daphnia bodies release 'latent alarm signals', after passing through a predator's digestive system, that other Daphnia can smell and respond to.
To demonstrate this remarkable phenomenon, Stabell and his colleagues used a native predator, the three-spined stickleback, and a non-native predator, the Malawi cichlid, as odor sources. Both types of fish were fed earthworms for ten weeks to clean out any lingering 'eau de Daphnia'. Then they were fed either earthworms or Daphnia for six days. When Daphnia were exposed to water from the fish tanks, they only developed antipredator defenses in response to odors from the fish that had dined on Daphnia. To further investigate the source of the odor cues, the investigators crushed either Daphnia or earthworms together with fish intestines (a rich source of bacteria) or fish livers (a source of enzymes). Again, the odors associated with Daphnia induced the crustaceans' morphological defenses, but earthworm odors did not, indicating that the odor cues do not simply arise from the predators' digestive systems. Finally, the authors crushed Daphnia in zooplankton medium. After a few hours, odors from crushed Daphnia stored at room temperature led to morphological changes, but Daphnia exposed to similar medium that had been frozen did not undergo changes. Because the medium probably contained bacteria, Stabell and co-workers interpret their results as indicating that odor cues are released from Daphnia after exposure to enzymes, either from bacteria or from predators' digestive organs.
Other research has shown that Daphnia develop different defenses in response to cues from different predators. The work by Stabell and colleagues provides the basis for further investigation, such as uncovering the means by which latent alarm signals interact with a predator's digestion to produce specific cues that identify the awaiting threat. To study horizontal propulsion, the researchers used an experimental apparatus that allowed horizontal forces (5%, 10% and 15% body mass) to be externally applied to an experimental subject walking at a constant speed on a treadmill. Such forces were applied via long rubber tubing stretched from a winch through a series of low-friction pulleys to a belt worn about the subject's waist. The magnitude and direction (i.e. impeding vs aiding) of the horizontally applied forces were varied systematically, and ground reaction forces, O2 consumption and CO2 production, and electromyographic data from muscles acting at the ankle were measured.
Applying impeding forces greatly increased the cost of walking but in a linear fashion: the higher the impeding force, the higher the metabolic expenditure. Applying aiding forces decreased the metabolic rate during walking, but the decrement was not a linear function of the applied force's magnitude. Instead, the largest decrease in metabolic rate, nearly a 50% reduction, occurred with the application of an intermediate aiding force (10% body mass). Larger and smaller aiding forces also decreased metabolic rate relative to unassisted walking, but to a lesser extent. So why doesn't walking simply get cheaper and cheaper as more and more propulsive aid is applied? The authors propose that large aiding forces lead to increased braking (to maintain constant speed), which in turn reduces energetic savings.
The intensity of electromyographic activity increased substantially in both the medial gastrocnemius and soleus muscles when impeding forces were applied, but aiding forces only effected a decrease in gastrocnemius intensity. Electromyographic intensity is often used as an estimate of muscle recruitment or muscle force production; hence, as Gottschall and Kram suggest, the decrease in gastrocnemius intensity in response to aiding forces strongly implicate it as critical in providing horizontal force production during walking.
Finally, and what I find most intriguing about this study, the metabolic experiments demonstrate that horizontal force production accounts for a higher fraction of energy expenditure in walking (50%) than in running (33%)! So much for intuition… Arctic ground squirrels were used as the animal model for hibernation. Proton leak was compared between active and hibernating squirrels by simultaneously determining respiration, which is used as surrogate for proton leak, and the membrane potential of the animal's mitochondria. The mitochondria were isolated from liver and skeletal muscle, two tissues that contribute significantly to standard metabolic rate. In addition, the authors measured mitochondrial state 3 respiration, which represents the maximal capacity of mitochondria to oxidize substrates and generate ATP.
HUMAN LOCOMOTION METABOLIC DEPRESSION
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RACKET? WHAT RACKET?
Trying to get to sleep on a sweltering Mediterranean summer's night is difficult enough at the best of times, especially when you are being serenaded by a horde of noisy insects. Male crickets court females by rubbing their forewings together to produce a song composed of a series of chirps. Each chirp is made up of syllables that are produced when the cricket closes his wings, producing a racket as loud as a pneumatic drill!
The cricket therefore faces a challenging problem -how can it prevent itself going deaf from singing so loudly, yet still be able to hear what is going on around it? James Poulet and Berthold Hedwig at the University of Cambridge have discovered the clever mechanism the crickets use to stop deafening themselves; unfortunately, it is not as simple as sticking fingers in their ears! They found that a male cricket's nervous system dampens down the response to self-generated sounds, so he can concentrate on listening to his rivals whilst remaining alert to the presence of hungry predators.
To find out what happens when male crickets sing, Poulet and Hedwig recorded the activity of auditory neurons. The first type of neuron is called an auditory afferent; there are about 60 of these that fire action potentials every time a sound reaches the ear. The second type of neuron is called the omega 1 neuron (ON1). This acts as a link between the auditory afferents and the rest of the nervous system. Both types of neuron also form connections to other neurons about which very little is known.
In the first set of experiments, the team found that both types of neuron responded to self-generated sounds. When they recorded from one-winged silently singing crickets, the auditory neurons did not respond. This showed that the auditory neurons respond to the sound and are not being influenced by something else, such as wing movements.
However, during these experiments the team made an exciting discovery. Inhibitory signals were seen in the auditory neurons that were in phase with the silent syllables in each chirp and coincided with the part of the song that should have been the noisiest. These signals usually coincide with sound-generated signals, and the team were surprised that these signals are sent to both types of auditory neuron, acting on them in subtle but different ways. The signal from the auditory afferent to ON1 and the rest of the nervous system is dampened, whilst the number of spikes produced in ON1 is reduced, softening the cricket's voice in its ear.
Finally, Poulet and Hedwig were able to show that the inhibitory signals come from neurons somewhere else in the nervous system. They are very keen to track down these inhibitory neurons and find out how they work, so the cricket can serenade his mates and keep half an ear on what his rivals are up to without listening too much to the sound of his own voice. Laura Blackburn Cambridge, U.K.
Lmlb2@cam.ac.uk
Liver mitochondria from hibernating squirrels displayed reduced state 3 respiration and proton leak rate compared with those from active animals. Basically, this implies that the capacity for mitochondrial ATP production is reduced to parallel the lowered cellular ATP demand and that metabolic efficiency is conserved. The reduction in proton leak was caused by a decrease in membrane potential due to a reduced substrate oxidation capacity and not to a lowered permeability of the membrane to protons. Since proton leak rate increases exponentially with membrane potential, a slight drop in membrane potential can lead to a significant reduction in proton leak rate. In other words, the strategy adopted by liver cells to preserve metabolic efficiency during hibernation is to limit proton leak by reducing mitochondrial membrane potential.
Contrary to liver mitochondria, skeletal muscle mitochondria from hibernating squirrels did not display lowered state 3 respiration nor proton leak compared with those from active animals. Indeed, the bioenergetic properties of skeletal muscle mitochondria appeared very similar between control and hibernating animals. Together, the results with liver and skeletal muscle mitochondria illustrate tissuespecific regulation of proton leak during hibernation.
With the present study, a general principle starts to emerge: during metabolic depression, proton leak is reduced to preserve metabolic efficiency by a decrease in substrate oxidation capacity and not by a lowered permeability of the mitochondrial membrane to protons. The fact that proton leak is not abolished during metabolic depression highlights that this process must play a crucial role in cell survival. Many hypotheses have been put forward but, as of yet, there is no definitive answer. The search continues. 
INHIBITORY SIGNALS
FEELING THE BURN…MALES DO IT BETTER
Brown adipose tissue (BAT) is a metabolically active tissue in mammals that burns calories and releases the energy as heat. For this reason, BAT is very important for the energy homeostasis and temperature regulation of small or hibernating mammals and human infants. Recent studies have suggested that the protein responsible for dissipating stored energy as heat in BAT, called uncoupling protein 1 (UCP1), is involved in the control of body weight. Unfortunately, nearly all BAT in humans disappears by adulthood, ruling out the possibility that UCP1 might play a role in adult weight loss. However, the discovery of uncoupling proteins in tissues other than BAT has sparked new interest in their role as potential factors in obesity. Specifically, evidence suggests that UCP3, an uncoupling protein found in skeletal muscle, may also have an impact on body weight regulation. In the present study, Rodriguez and co-workers provide evidence of differences between male and female rats in the regulation of UCP3 expression in response to obesity, overfeeding and fasting.
Male and female rats were free to feed on one of two different types of diet. The high-fat 'cafeteria' diet consisted of cookies with liver pate, sobrassads (a Majorcan cured sausage), candies, fresh bacon, biscuits, chocolate, salted peanuts, cheese, ensai mada (a Majorcan pastry) and milk containing 20% sucrose. By contrast, the control diet consisted of standard rat chow that had significantly higher levels of protein and carbohydrates and a lower level of fat compared with the cafeteria diet.
In both sexes, the energy intake of cafeteria rats was threefold greater that that of control rats, despite the same basic energy requirements. While both male and female rats fed cafeteria diets showed an increase in body mass compared with control rats, females gained substantially more weight than males, accounted for in part by a slight but sustained higher energy intake per gram.
After chronic overindulgence on the cafeteria diet, mRNA expression of UCP3 was increased in both male and female rats. However, this upregulation was more evident in males. Interestingly, fasting also induced UCP3 expression and was again more pronounced in males than in females. In addition, the males with the highest UCP3 mRNA levels tended to be the most obese, but Rodríguez did not find this correlation in females.
It appears that UCP3 expression is increased under conditions of enhanced fat utilization by muscle, either through fasting or through the consumption of high-fat diets. This suggests that UCP3 may be involved in the handling of fats as a fuel substrate in muscle, and, in the case of dietary over-indulgence, the induction of UCP3 could function to limit the bodyweight gain.
The authors point out that the reduced ability of female rats to induce muscle UCP3 could contribute to the higher capacity that females have to save fat stores in times of dietary excess, which could be an advantage for certain genderspecific biological functions such as pregnancy. This study not only supports a role for UCP3 in body weight regulation but also emphasizes that gender-specific strategies should be considered in future studies on obesity.
